A rare case of primary intraosseous carcinoma (PIOC) arising from an odontogenic cyst in a 58-year-old man is reported. Clinical and radiological examinations revealed an odontogenic cyst of the maxilla. Histopathologically, the lesion was composed of a cyst with a parakeratotic epithelial lining and well-differentiated squamous cell carcinoma, showing continuity between them without a connection to the oral mucosa. Twenty-eight well-documented Japanese cases of Type-1 PIOC, including the present case, were reviewed. The mean age of the 28 patients was 56.1 years, and the male to female ratio was 1.8:1.0. Compared with currently reported Japanese reviews of Type-3, foreign Type-1 and Type-3, there were no significant differences in mean patient age and sexual predominance, and no racial difference. The pathogenesis of Type-1 PIOC is also discussed. (J. Oral Sci. 44, 49-53, 2002) 
Introduction
Primary intraosseous carcinoma (PIOC) is a rare lesion of the jawbones with an estimated incidence ranging from 1% to 2% of all primary oral cancers (1) . According to the World Health Organization (WHO) classification, PIOC is a squamous cell carcinoma arising within the jaw, having no initial connection with the oral mucosa, and presumably developing from residues of the odontogenic epithelium (2) . Clinically, PIOC may be confused with odontogenic keratocyst (OKC) or other lesions, due to some similarities of their clinical features. We report a case of PIOC arising from an odontogenic cyst and review previously reported Japanese cases.
Case Report A 58-year-old Japanese man presented at Nihon University Dental Hospital at Matsudo on February 10, 1998, with a 3-month history of swelling and vague pain in the maxillary right premolar region. Clinical examination revealed a buccal and palatal enlargement of themaxilla with a slightly reddish gingival mucosa that extended from the upper right central incisor to the right second premolar. There was no evidence of ulceration or a distinctive mucosal lesion in this area, and no regional lymph nodes were palpable. A panoramic radiograph showed a cystic radiolucent lesion including the roots of the upper right canine and first premolar with a partially unclear radiolucent area at the margin (Fig. 1) . Computed tomography revealed a low-density mass that oppressed the floor of the maxillary sinus and the nasal cavity, but no abnormality of the maxillary sinus mucosa or accumulated substance was seen in those areas. The maxillary sinus seemed to have a normal airspace. Under a suspected clinical diagnosis of maxillary cyst, an open biopsy was performed under local anesthesia using 2% lidocaine with a sub-object to decrease the inner pressure (Fig. 2) . Intra-operative exploration revealed a cystic lesion containing a milky-white keratinous substance in the lumen. The maxillary sinus and nasal cavity were free of the lesion, in accord with the radiological findings.
Histopathological
Findings The specimens were fixed with 10% neutral formalin, and then routine paraffin sections were prepared and stained with hematoxylin-eosin and periodic acid-Schiff reaction. Microscopically, the lesion was composed of cystic and tumor structures. The cyst wall consisted of parakeratotic-stratified squamous epithelium, which partly showed moderate dysplasia with cellular and structural atypia up to the middle portion (Fig. 3) . There was continuity with the cyst epithelium, and dysplastic squamous cells had proliferated and infiltrated into the peripheral connective tissue. These atypical cells had hyperchromatic nuclei with one or two nucleoli and frequent mitotic figures. Moreover, keratin pearls and individual cell keratinization were seen. These findings are indicative of well-differentiated squamous cell carcinoma (Fig. 4) . No PAS-positive mucous cells were recognized. In the stroma, inflammatory cells, proliferation of fibroblasts and microvessels, hemorrhage, edema and necrosis were observed.
The histopathological diagnosis was primary intraosseous carcinoma arising from odontogenic cyst of the maxilla. Discussion PIOC, a rare lesion in the jawbone, is considered to originate from the tooth germ, the enamel organ, the epithelial rests of Malassez, the odontogenic cyst In the present case, the lesion had a cystic component accompanied by teeth whose wall was composed of parakeratotic squamous epithelium partly showing moderate dysplasia, and a well-differentiated squamous cell carcinoma component, with recognizable continuity between them. Furthermore, no connection between the tumor and surrounding mucosa was initially evident in clinical and radiological examinations. Therefore, we considered that the lesion might have arisen from an odontogenic cyst, thus corresponding to Type 1-PIOC.
It has been reported that 70-75% of all PIOCs originate from the odontogenic cyst epithelium, and it is thought that most PIOCs arise from odontogenic cysts, only a few arising de novo (3, 4) . It is clear that malignant change in any odontogenic cyst is rare, although they do have the potential for malignant change. It has been reported that (6) . Apart from odontogenic keratocyst, residual cyst and follicular dental cyst sometimes showed keratinized epithelium.
In the present case, clinical and radiological examinations revealed that the cyst lumen contained the root of the canine and first premolar, suggesting the lesion might be a radicular cyst. Another possibility was that it might be a residual cyst associated with a missing second premolar or first molar, and also we were not able to rule out the possibility the lesion was an odontogenic keratocyst. Therefore, we were able to classify the present cyst as a form of odontogenic cyst.
Twenty-eight well-documented Japanese cases of Type-1 PIOCs (7-15), including the present case, were reviewed (Table 1 ). The mean age of the 28 patients was 56.1 years, with a range of 26 to 81 years with predominance in the fifth decade. The male to female ratio was 1.8:1.0. Compared with currently reported reviews (5, 16, 17) of Japanese Type-3 (mean: 57.9 yr), foreign Type-1 (57.0 yr) and Type-3 PIOC (51.4 yr), there was no significant difference in the mean age and sexual predominance , and no obvious racial difference.
Although the pathogenesis of Type-1 PIOC has been unclear, it has been suggested that malignant transformation from odontogenic cyst epithelium requires 30 to 40 years (18) . On the other hand, patients with inflammatory odontogenic cysts in our department had an older mean age (radicular: 39.6; residual: 50.3 yr) than patients with developmental ones (OKC: 34.1; follicular: 29.2 yr). The period required for malignant change seems to be shorter than that reported previously, and may be 10 to 20 years. Inflammatory cysts require a shorter period for malignant transformation. In a review, Maxymiw et al. (19) reported that histopathologically malignant transformation of cyst epithelium was accompanied by chronic inflammation in the cyst wall connective tissue. Schwimmer et al. (5) suggested that long-standing chronic inflammation might be the principle predisposing factor for malignant transformation in the cyst epithelium. Generally, carcinogenesis occurs through various stages, such as initiation, promotion and progression.
Similarly, inflammation causes epithelial hyperplasia, hyperkeratosis and dyskeratosis, and thus may act as an initiator of this lesion. During the process of hyperplastic change, DNA damage could occur in the cyst epithelium, and longstanding inflammation would promote further DNA damage, and possibly carcinoma in a few cases. Even though it is generally considered that OKC epithelium has the highest cell proliferative activity and recurrence rate, malignant change of OKC epithelium has been reported in only a few cases. Therefore, these features suggest that malignant change of the cyst lining depends on not only the latent biological behavior itself, but also other factors such as long-term secondary inflammation involving lymphocytes, cytokines, and substances in the cyst lumen .
The most common symptoms of PIOCs are vague pain and swelling, but they are not characteristic signs , and are similar to those of odontogenic cysts. The present case also showed these symptoms. In addition, clinical examinations demonstrated production of a keratinous content and no prominent features of bone destruction. These clinical findings were similar to those of OKC, and led to confusion with OKC. Kaffe et al. (20) reviewed the radiological features of PIOCs, and stated that they could not be regarded as characteristic, since they also resembled periapical lesions, odontogenic cyst and tumor. In many reported cases of PIOCs, including the present one , there had been no indication of malignant change within the cyst or lesions until the time of biopsy. Some PIOCs are reported to have a good prognosis (5), and this was also true for the present case, which has shown no recurrence for two years after surgery. However, unsuspected malignancy and delay with primary management may represent unfavorable prognostic factors.
Clinically, it is very difficult to distinguish PIOC from other intraosseous lesions, such as odontogenic/non- 
